DESCRIPTION 
PROCESS FOR PRODUCING A FLUOROALKANOL 
TECHNICAL FIELD 

The present invention relates to a process for 
producing a f luoroalkanol . The f luoroalkanol obtainable 
by the process of the present invention is a compound 
useful as a starting material for a solvent for the 
production of an information recording mediiom, a water 
and oil repellent, a surface active agent and a color 
developing material for photographs. 
BACKGROUND ART 

A f luoroalkanol is useful as a starting material for 
a water and oil repellent, a surface active agent, a 
color developing material for photographs, etc. (JP-A-54- 
154707) . Further, it does not dissolve a plastic 
substrate made of e.g. polycarbonate, so that it is 
useful as a solvent for e.g. a dye for an optical 
recording material in the production of an information 
recording medium having a recording layer capable of 
writing in and reading out information by a laser, formed 
on a substrate ( JP-A-4-8585 , JP-A-5-258346) . 

Heretofore, as a method for producing a 
f luoroalkanol of the following formula 4 (wherein m is an 
integer of at least 1), (1) a method of charging methanol, 
tetraf luoroethylene and a radical initiator all at once 
and heating them (U.S. Patent 2,559,628), (2) a method of 
charging methanol, tetraf luoroethylene and a radical 
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initiator all at once and reacting them continuously in a 
reaction tower ( JP-B-42-20782 , U.S. Patent 3,022,355) and 
(3) a method of charging methanol and a radical initiator 
all at once and adding tetraf luoroethylene continuously 
5 for reaction ( JP-A-54-1547 07 ) , have been known. 
H- (CF2CF2)m-CH2-OH Formula 4 
However, in the method (1) it is difficult to 
control the amount of addition of tetraf luoroethylene, 
whereby even if it is attempted to obtain a useful object 

10 having a value m of from 1 to 4 only, the molecular 

weight distribution of the product tends to be wide, and 
the yield tends to be low, such being a problem. Further, 
the method (2) has a problem that the concentration of 
the resulting product is low, and the efficiency is 

15 accordingly poor, a high pressure condition is required, 
and it is hardly industrially practical. In the method 
(3) , an acid binding agent is added to the reaction 
system in order to prevent deterioration of the 
selectivity due to slowing down of the reaction as the 

20 time passes. The acid-binding agent is usually a solid 
powder such as magnesium oxide, calcium oxide or calcium 
carbonate, and if it is added to the system, there will 
be a problem such that it takes time for its separation. 
Further, a f luoroalkanol obtainable by a 

25 conventional method has had a problem that even if it is 
subjected to distillation, an evaporation residue will 
remain, and the purity is not necessarily high, whereby 



when used as a solvent in the production of the above- 
mentioned information recording medium, it is not 
necessarily suitable for the production of an information 
recording medium of high quality, due to an influence of 
impurities . 

DISCLOSURE OF THE INVENTION 

The present invention is the following invention 
made for the purpose of solving the above problems and 
providing a process for producing a f luoroalkanol of high 
purity having no evaporation residue remained, which is 
advantageous for an industrial operation with the 
conversion and selectivity improved. 

Namely, the present invention provides a process for 
producing a f luoroalkanol of the following formula 1, 
characterized in that in a reaction of reacting an 
alkanol of the following formula 2 with a perf luoroolef in 
of the following formula 3 to produce a f luoroalkanol of 
the following formula 1, the reaction is carried out 
while continuously adding a radical initiator and a 
perf luoroolef in of the following formula 3 : 

CHR^R^-OH Formula 2 

CF2=CFR^ Formula 3 

H- {CFR^CF2)n-CR^R^-0H Formula 1 

provided that the symbols in the formulae have the 
following meanings: 

R""", R^: each independently a hydrogen atom or a C1-3 
alkyl group. 



R'^ : a fluorine atom or a Cx-4 perf luoroalkyl group, 

and 

n: an integer of from 1 to 4 . 
BEST MODE FOR CARRYING OUT THE INVENTION 

In the formula 2, each of R''' and which are 
independent of each other, is a hydrogen atom or a C1-3 
alkyl group, and each is preferably a hydrogen atom or a 
methyl group. The alkanol of the formula 2 is preferably 
methanol, ethanol or isopropyl alcohol. 

R^ in the formula 3 is a fluorine atom or a Ci_4 
perf luoroalkyl group, preferably a fluorine atom or a 
trif luoromethyl group. The perf luoroolef in of the 
formula 3 is preferably, for example, tetraf luoroethylene 
or hexaf luoropropylene . 

In the process of the present invention, the alkanol 
(formula 2) and the perf luoroolef in (formula 3) are 
reacted to obtain the f luoroalkanol (formula 1) . 

In the formula 1, n is an integer of from 1 to 4, 
preferably 1 or 2, particularly preferably 1. and R^ 
correspond to R-'" and R^ in the alkanol (formula 2) 
reacted, and R-^ is a fluorine atom or a C1-4 
perf luoroalkyl group and correspond to R^ in the 
perf luoroolef in (formula 3) reacted. 

In a case where a perf luoroolef in (formula 3) 
wherein R^ is a Ci_4 perf luoroalkyl group, is employed, it 
is expected that a f luoroalkanol of the following formula 
5 may also foirm. However, usually, due to a steric 



hindrance of a perf luoroolef in compound, the compound 
(fonnula 1) of the present invention will be the only 
product, or the compound (formula 1) will be the main 
product . 

H- (CF2CFR^°)n-CR^R^-0H Formula 5 

In the formula, n, and R^ have the meanings as 
described above, and is a C1-4 perf luoroalkyl group. 
The following compound may be mentioned as specific 
examples of the f luoroalkanol (formula 1) . 

H (CF2) zCHzOH. 

H (CF2) 4CH2OH. 

HCF2CF2CH (CH3) OH, 

HCF2CF2C (CH3) 2OH. 

CF3CHFCF2CH2OH, 

CF3CHFCF2CH (CH3) OH. 

CF3CHFCF2C (CH3) 2OH. 
In the reaction of the present invention, the 
reaction is carried out while continuously adding a 
radical initiator and a perf luoroolef in (formula 3) . 

As the radical initiator, it is preferred to employ 
an organic free radical initiator. As the organic free 
radical initiator, a peroxide or an azo compound is 
preferred. Particularly preferred is an alkyl 
hydroperoxide, a dialkyl peroxide, a peroxy ketal, a 
diacyl peroxide, a peroxy carboxylate, a peroxy 
carboxylic acid or a peroxy carbonate. 

The following compounds may, for example, be 
mentioned as the radical initiator. 1, 1-bis ( tert- 
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butylperoxy) -3 , 3-5-trimethylcycloh.exane, 1 , 1-bis (tert- 
butylperoxy) cyclohexane, tert-butylperoxyisopropyl 
carbonate, tert -butylperoxy isobutylate, tert-butylperoxy 
pivalate, di-tert-butyl peroxide and tert-butyl 
5 hydroperoxide. As the radical initiator, a dialkyl 
peroxide is preferred which has a particularly high 
radical -forming ability from the alkanol (formula 2) . 
Particularly preferred is di-tert-butyl peroxide. 

In the present invention, the amount of addition of 

10 the perf luoroolef in (formula 3) can be easily controlled 
by continuously adding the radical initiator. Further, 
in a conventional reaction, there has been a problem that 
an acid component will be formed during the reaction, 
whereby the reaction tends to hardly proceed. Whereas, 

15 by supplying the radical initiator continuously, 

formation of the acid content can be suppressed, which is 
advantageous. Thus, the method of the present invention 
is an industrially advantageous method wherein the 
reaction proceeds even in the absence of an acid binding 

2 0 agent. 

The total amount of the radical initiator to be 
added, is preferably from 0.0001 to 0.1 time by mol, 
particularly preferably from 0.001 to 0.05 time by mol, 
to the alkanol (formula 2) . The total amount of the 
25 perf luoroolef in (formula 3) to be added, is preferably 
from 0.0 In to 1.2n time by mol, particularly preferably 
from 0.05n to 0 . 5n time by mol, to the alkanol (formula 



2) . 

The operation of continuously adding the radical 
initiator and the perf luoroolef in (formula 3) to the 
reaction system, is preferably carried out by the 
following method. Namely, in a batch system reactor, the 
alkanol (formula 2) is charged, and then, the radical 
initiator is supplied by a pump while heating, and at the 
same time, the perf luoroolef in (formula 3) is supplied. 
The reaction of the alkanol ( formula 2 ) with the 
perf luoroolef in (formula 3) is a so-called telomerization 
reaction. The telomerization reaction is a reaction 
wherein the radical initiator is decomposed to form a 
radical, and the radical withdraws a hydrogen atom on 
carbon of the alkanol (formula 2) to form an alkanol 
radical, to which the perf luoroolef in (formula 3) will 
add. And, the method of the present invention is a 
method capable of controlling the number of addition of 
the perf luoroolef in (formula 3) in the telomerization 
reaction which is a chain reaction. Therefore, it is an 
excellent method, whereby a desired f luoroalkanol 
(formula 1) can be selectively produced. 

The reaction conditions are changed by the value n 
in the desired product (formula 1) . In a case where it 
is intended to obtain a desired product wherein n is 1, 
the reaction temperature may be decided by the 
temperature at which half life of the employed radical 
initiator is measured. And it is preferably the 



temperature, at which half life of the employed radical 
initiator is 10 hours, ±30°C. For example, in a case 
where di-tert-butyl peroxide {the temperature at which 
half life is 10 hours: 125°C) is used, it is preferably 
within a range of from 95 to 155°C, and as an 
industrially advantageous condition, it is preferably 
within a range of from 10 0 to 140°C. The reaction time 
is preferably from 1 to 40 hours, particularly preferably 
from 5 to 25 hours. The reaction pressure (gauge 
pressure) is preferably from 0.2 to 1.2 MPa, particularly 
preferably from 0.5 to 1.0 MPa . 

Further, in a case where it is intended to obtain a 
desired product wherein n is 2 or more, it is preferred 
that the reaction temperature is set to be the 
temperature, at which half life of the radical initiator 
is 10 hours, ±30°C, and the reaction time is set to be 
longer than the case where n is 1, particularly 
preferably from 10 to 100 hours, especially preferably 
from 25 to 100 hours. The reaction pressure (gauge 
pressure) is also preferably set to be higher than the 
case where n is 1, particularly preferably from 0.5 to 
5.0 MPa, especially preferably from 0.9 to 2.0 MPa. 

Further, with respect to the conditions for 
supplying the radical initiator, it is preferred to 
supply from 15 to 3 0% of the total supply amount within 
one hour after the initiation of the reaction at a 
constant speed and continue to supply the remaining 
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amount at a constant speed during the remaining reaction 
time, irrespective of the value n of the desired product. 
Further, also with respect to the f luoroolef in, it is 
preferred to continue to supply the necessary total 
5 amount of supply at a constant speed during the reaction 
time . 

1^ By the method of the present invention, the amount 

~~ of addition of the perf luoroolef in can be controlled, and 

the f luoroalkanol (formula 1) can be obtained at high 
'J' 10 selectivity. The obtained f luoroalkanol can be made to 

have a high purity to such an extent that no evaporation 
residue will remain, by carrying out a usual separation 
p and purification. The f luoroalkanol (formula 1) is 

P useful as a starting material for e.g. a water and oil 

15 repellent, a surface active agent and a color developing 
material for photographs . 

The f luoroalkanol obtained by the present invention, 
can be made to have a high purity to such an extent that 
no evaporation residue will remain, and it is 
20 particularly useful as a solvent for the production of an 
information recording medium having a recording layer 
capable of writing in and/or reading out information by a 
laser, formed on a substrate. 

Such an information recording medium can be produced 
25 by using a solvent containing the f luoroalkanol (formula 
1) obtained in the present invention, preferably by 
dissolving a dye in a solvent containing such 
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f luoroalkanol, and coating and drying the obtained 
solution on a substrate in accordance with a usual method 
to form a recording layer containing the dye. As such a 
dye, a cyanine type, phthalocyanine type, pyrylinium type, 
thiopyrylinium type, squariliiam type, azulenium type, 
indophenol type, indoaniline type, triphenylmethane type, 
quinone type, aluminum type, diimmonium type or metal 
complex salt type dye may be mentioned. 

As the substrate for such an information recording 
medium, a plastic such as polycarbonate, polymethyl 
methacrylate , an epoxy resin, amorphous polyolefin, 
polyester or polyvinyl chloride, glass or ceramics, may 
be mentioned. Further, an undercoating layer may be 
formed between the recording layer and the substrate for 
the purpose of e.g. improvement of the surface flatness, 
improvement of adhesiveness and prevention of 
deterioration of the recording layer, and a protective 
layer or the like may be formed on the recording layer. 
EXAMPLES 

Now, the present invention will be described in 
detail, but the present invention is by no means 
restricted by such specific Examples. 

EXAMPLE 1: Preparation of 2 , 2 , 3 , 4 , 4 , 4-hexaf luorobutanol 

Into a 1 -6 hastelloy C autoclave, 408 g of methanol 
was charged, and the internal temperature was adjusted to 
be 125°C. By means of a metering pump, a solution having 
8.2 g of di-tert-butyl peroxide dissolved in 72 g of 
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methanol, was supplied for 0.5 hour at a rate of 40 g/hr 
and thereafter supplied for 15 hours at a rate of 4 g/hr. 
Further, at the same time, by means of a metering pump, 
hexaf luoropropylene was supplied for 12 hours at a rate 
of 10.4 g/hr (the total amount of hexaf luoropropylene 
.supplied: 125 g) . After completion of the supply of the 
methanol solution of di-tert-butyl peroxide, the mixture 
was maintained at 125°C for 3 hours and then cooled to 
40°C. The reaction solution was analyzed by gas 
chromatography, whereby the conversion of methanol was 
15%, and 2 , 2 , 3 , 4 , 4 , 4-hexaf luorobutanol was found to have 
formed at a selectivity of 95%. Further, 2- 
dif luoromethyl-2 , 3 , 3 , 3-tetraf luoropropanol was found to 
have formed at a selectivity of 5%. 

EXAMPLE 2: Preparation of 2 , 2 , 3 , 3-tetraf luoropropanol 

Into a. 1 & hastelloy C autoclave, 408 g of methanol 
was charged, and into the gas phase portion, 
tetraf luoroethylene was charged, whereupon the internal 
temperature was adjusted to 125°C. By means of a 
metering ptimp, a solution having 8.2 g of di-tert-butyl 
peroxide dissolved in 72 g of methanol, was supplied for 
0.5 hour at a rate of 40 g/hr, and thereafter, supplied 
for 15 hours at a rate of 4 g/hr. Further, the pressure 
of tetraf luoroethylene was set to be 0.8 Pa (gauge 
pressure) by an automatic valve and tetraf luoroethylene 
was supplied in an amount corresponding to reduction by 
the reaction. The total amount of tetraf luoroethylene 
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supplied was 230 g. After cooling to 40°C, the reaction 
solution was analyzed by gas chromatography, whereby the 
conversion of methanol was 22%, and 2,2,3,3- 
tetraf luoropropanol was found to have formed at a 
selectivity of 96%. 

COMPARATIVE EXAMPLE 1: Preparation of 2,2,3,3- 
tetraf luoropropanol 

Into a 1 fl hastelloy C autoclave, 800 g of methanol, 
14.6 g of di-tert-butyl peroxide and 1.12 g of calcium 
oxide were charged all at once, and into the gas phase 
portion, tetraf luoroethylene was charged, and the 
internal temperature was adjusted to 125°C. 
Tetraf luoroethylene was supplied over a period of 2 0 
hours in an amount corresponding to reduction by the 
reaction, under a constant pressure of 0.8 Pa (gauge 
pressure) by an automatic valve. The total amount of 
tetraf luoroethylene supplied was 180 g. After cooling to 
40°C, the reaction solution was analyzed by gas 
chromatography, whereby the conversion of methanol was 
6.8%, and 2 , 2 , 3 , 3-tetraf luoropropanol was found to have 
formed at a selectivity of 9 5%. 
INDUSTRIAL APPLICABILITY 

According to the present invention, the 
f luoroalkanol (formula 1) can be produced at a higher 
conversion and higher selectivity than ever. The method 
of the present invention can be carried out without 
employing any special reaction condition or any special 
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reaction operation, and without employing an acid binding 
agent. Thus, it is a useful method which is advantageous 
for an industrial operation. 

Further, the f luoroalkanol obtained by the present 
invention can be made to have a high purity to such an 
extent that no evaporation residue will remain, and it is 
particularly suitable as a solvent for the production of 
an information recording mediiim having a recording layer 
capable of writing in and/or reading out information by a 
laser, formed on a substrate. Thus, the present 
invention also provides an information recording medium 
having a recording layer capable of writing in and/or 
reading out information by a laser, formed on a substrate, 
which is produced by means of the f luoroalkanol (formula 
1) . 

Further, the f luoroalkanol obtained by the present 
invention, is useful as a starting material for e.g. a 
water and oil repellent, a surface active agent and a 
color developing material for photographs . 

The entire disclosure of Japanese Patent Application 
No. 11-185701 filed on June 30, 1999 including 
specification, claims and summary are incorporated herein 
by reference in its entirety. 



